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AUSTRALIA 
Patents Act 1990 

Proteome Systems Intellectual Property Pty Ltd 
PROVISIONAL SPECIFICATION 

Invention Title: 

System and method for automatically setting operating parameters 
for micro-dispensing devices 

The invention is described in the following statement: 



Field of the Invention 

5 Background «f the Tnvpnti.. 

and detection melho<ls have enJedZ j^L^ " PIOtefa 

necessary to cany out molecu wT y ' P ° SSWy new ' f"**"- » " 

For example, to characterise a new proMnlTtT k-omolecules. 
sequence information relating to fire p^eT tIT' V ^ 
techniques used in the analysis 

--^^nitT^^.r^ — or 

the steps of recording an taL „f * ^ " m " ° f Sam P te Ending 

others™^ in an C u^^TT ' " ~ ^ ^ * * 
of reagent to the a, ieast^ one Z^T^TT ? T " ^ " "^i 0 " 
reaction to or with fte r M g a T £ ^ V°7 "* * ~ te • 

20 carryingoutsuchaproceas. '""^^on also discloses an 

apparatus for 

>«J1 operated ^7'rcroT *"T ^ " * 
i«* or jetung rubes *JE£EZZZr7?** *■»*—•« micro 
25 voltage for a parucuUr duranonS toe^f *?* **" " y ****** • 

significant parameter,, ^ f™*"* ° f "» droplea, the most 

30 duration, ^e two paJ^T l"*T ^ ^ * ^ 

dispensed ftom the piezoelectric dev.- . ™ "acceptable" droplet is 

tnicro jets win no. '"^^ " wWd > ( 

of vdtoge and pu,se ^^^ZZ^T^^ 
35 mechanical inaccuracies in micro l«T ^Jt However, 

^ofnre^pZr smpte —> — 



:z l °Z T- a fi,tered samp,e Md - b °* 

p^Lc^r a md ^ fOT ~* ■» -n of 

of this application. fOK5 P 110 ^ ^ of e *<* claim 

Summary ggjhg Tnyrntirm 

system and comn>I ^ £ ZTST TT " ^ 

3. - — 



More specifically, in one aspect the present invention provides a method of 

7Z£1, T 8 ° f ~" m ° St ~ - P^e dlt^fer 

ajettmgtnbeforthspensingreagentscomprisingthestepsof- 

a) selecting a voltage range and a pulse duration range with each value in the 
5 rang, havtng an expected likelihood of suitability compared* to ofiter ^ £ 

duration; " "* COmblM ' i0n ° f *" Panmetes ° f - pulse 

10 duradol^jr 6 " " **" ^ * ^ - 

eomh- % "f* m ^ °' 0,6 dropla or P"=*««d by the first 

~h^ parameta md - *- - 

W 0 r2eS?Tf^"'^ a ^ P ^"- mW ^»d 

fcrthert asiL^ r^^ ta * ° f ^ 

wherein; charactenst.cs of the duplet are sads&ctory; and 

» ^ — ■ 

paranteL " * *** " «*« «.ose 

populaToc^Xt^r^ C ° , '"* M ' i< " ,S — 
« most popular o3en« wIL *f" °" *- ^ "* ° f - 

■A M W,a ' to nHtt occurrence which has not ye. been 

The outer characterise of the drop.e, nray include atabflity and flight angle. 

BriefDggcriBggn - f t he Drawings 

Fifture 2 a 60 * a diagram of a system embodying the present invention- 

> Figure 3 shows a graph of Duke 

compilation of 230 working s^sf * from the 
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the™-;'*" 5 •* ° f ^ 4 3 ba " »» r - W— 

invendonT 6 ' S ° SChemaSC diagnm/fl<>W ^ Wera " ° f "» »— « 

Figure 7 is » flow chart outlining the steps of the present invention; and 



Detailed Descrintion of g P~f~ red E n,h^ mM „ 

takes TrTer^n , * " ° PP ° Site ° f *° *> ath the droplet 16 

5 exposed ^Ll^ ^ region underneath the je, is 

n the PC, dtscussed in more detail below, validates toe image to see whenT. ZT 

satisfactory. If the droplet is satisfactory and meets all the reauirem^ a 
. 0* the voltage .eve, and pn.se duration, are saved, id mTp"'*"^ 
dmple. famrmon is no. s^cm.y, g. putae md v L7e 

satisfactorydropletisprodueed. ' PrOCeSS ^ a 



M f ^ i«* •» operated at a voltage of between 5-1O0 volts with a nulse 

STJT s " SOps to * speme ^ ^ — ^ - p^t: 

depend on the micro jet itself and the reagent being dispensed. 
5 .„H ^ ProMSS ° f * e P"* 0 "' im «>a»n automatically tests combinations of voltane 

»d d r a sads&otoiy **• is - *- —* * vis 

ustng toose parameters. If every single parameter combination were tested to Z 

vTl:: r 7 voi,a8e ievei ~ ^ -» — *— 

10 ,L7 T m,Cr ° '125 pammeter sets wonld have to be 

10 tested. Even a very ft. drop,., search and evatoanon algorithm to toe 2Z 
c^e scenario, if only toe las, combination tested produced an J^Z££ Z, 
minutes would tvoicallv he rwmi«J +~ + A * ^ lctj muT y 

an accepteble tesmt ^ """"^ C ° mbta " i °"' »«— 

15 tone .^w TT"* " * C '"""""i" 11 * order to reduce the running 

XtSXSS ZuT deve,oped M -— - 

fa particular, Figure 2 shows a compilation of 230 working sets of volt**. 

20 gives toe ft^ueocy of ^ ^ ' f " "* 

operation to any of those 230 experimente " JCttto * 

Shows SS^i^t?^ ^ ^ ^ * ~ 

particular experimlT^ ^ axTgt J17 " *™ ?** * > 

25 duration was selected for , frequency of tones mat that pulse 

" to7« ? Jettmg 0peraa ° n fa rf *°" experiments 

-JT ft ooto me^STjo^d 4, S Sm0<>,tog ^ ' S W ^ <° ** 
statistics. * ^ <tea, " m flWn « » I"*-™*"! curve to toe 

30 paramete:^ rrr ta ;~ : i—* * — - * 

parameter JTb.tL ^^^1^ *" 

left hand end of toe x axis and is mj ^2?* """""^ *' ri8ht ° r 

Ftgure 5 dluatrates a movabWdynamic base line which reduces toe nmnZ „f 
^^.^ons to a reasonable level. Ibe user car, set 
chose. ».*^,.^ h ^ 0 ^ lilwi( J^ 
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lower occurrence combinations appearing underneath the dynamic base line based on 
the new percentage scale. Experience has shown that a base line cut at-50% covers the 
most likely combinations and thus, significantly reduces the search time. 

The reduced number of combination for voltage and pulse duration, are now 

5 used to find suitable parameter combinations. The routine starts by taking the first 
voltage level from the maximum of occurrence now 100% and combines it with each 
value of pulse duration which also starts at the maximum occurrence of 100% If the 
maximum level of occurrence occurs at a voltage of, say, 50 volts, the first jetting 
setting is 50 volts in combination with the maximum occurrence of pulse duration 

) which might for example, be 43«s. A plurality of droplets are dispensed in sequence 
using those dispensing parameters to provide sufficient droplets for the imaging 
software to process, before the pulse duration is varied by Ips to 36us to form a 
plurality of droplets with dispensing parameters of 50V and 36us, Next 34ns and 50V 
are the parameter combinations, 37us and 50V, 33 us and 50V etc... until the maximum 
and minimum values of pulse duration are reached. The routine is then repeated with 
51 volts and all combinations of pulse durations, 49 volts and all combinations of pulse 
durations 52 volts all combinations of pulse duration etc so that the testing of the 
parameter combinations starts at the most common occurrence and then tests parameter 
combinations continuously in a snake-like loop. 

* , ^V^ Safl ° WCh ^ Se ^ ng0Uttheste P sil »^ process. The first step 40 is 
die loading of the historical parameter statistics from an excel spreadsheet 42 Note 

fjll '""I 8 *?* " UPdSted aftSr EaCh ° perati0n 0f &e *— ^nce the 

statistics are regularly updated. In the next step 44, a histogram is built and voltage and 

pulse duration values are filtered to remove unlikely values as described above with 

reference to Figures 2 to 5. Next the first parameter set is sent to the jet driver and in 

step 46 a series of pulses of the initial chosen duration and voltage are applied to the 

^oLZ™ t0 ° aUSe dr ° PletS t0 ^ emitted ' ^ ° f ^P 16 * - e A« analysed 

The image analysis process, works as follows. First of all, the image of the 
droplet captured by the frame grabber is converted from grey level to a binary level 

The image evaluation algorithm is then separated into modules as follows. The 
first step or module 50 is 'detect" droplet which analyses the droplet image and 
position. This module 50 checks whether there is no droplet, more than one droplet, a 
droplet with a wrong diameter or a single droplet of the correct size. If this test is failed 
&e next parameter set in the routine is' chosen in step 48 according to the process 
described above. 
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However if the droplet passes the first test, the next test is the 'stability test' 52 
which summarises three time shifted images to observe a stable droplet formation over 
a given time. The images are of different droplets all of which have however been 
ejected using the same parameter combination.. If there is droplet position deviation of 
5 more than a given percentage, or a droplet shape deviation of more than a given 
percentage, the test is not passed. If the deviations are under the agreed percentage 
typically 5%, the image is classified as stable. Failure of mis test causes the next 
parameter set in the routine to be chosen in step 48. 

If the stability test is passed, the next module is 'flight angle V 54 , and 'flight 
10 angle 2' 56 which determine the flight angle of a detected droplet. Two images are 
grabbed and evaluated at two fixed times after the droplet ejection. Based on these 
time shifted positions, the flight speed and angle are calculated. The flight angle test is 
passed if me flight angle is within a particular range. 

There is a further module which extrapolates the data collected in the flight 
15 angle one module and uses it to calculate a flight path for the droplet and a final 
stability test 58 (similar to module 52) which checks that the two time shifted images 
are stable and do not deviate from one another by more than an allowed percentage 

In addition, all data relating to each combination of voltage and pulse duration 

20 T* J 7, VOltagC leVeI ' ^ dUrati0n - flight * eed of * e **K ^ameter 

20 of the droplet, positional stability, shape stability and the image of the path of the 

droplet are saved to the Excel spreadsheet 42 for statistical purposes 

Rt »wrIT ^ bC 83 8hoWn m me attached 8 in which the 

stability tes 52 is omitted and -flight angle V and 'flight angle 2' are combined in a 
single module 60. 

25 It will be appreciated by persons skilled in the art that numerous variations 

and/or modifications may be made to the invention as shown in the specific 
embodiments without departing from the spirit or scope of the invention as broadly 

/ ^ emb ° dimentS ±eref ™> to be -™dered * all respects as 
illustrative and not restrictive. 



Dated this tenth day of July 2003 



Proteome Systems Intellectual Property Pty 
Ltd 

Patent Attorneys for the Applicant: 
FBRICE&CO 
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Take next parameter set 



Image analyses 
OK NOT OK 



Save jetting parameters, save values 
to EXCEL sheet, save image of 
droplet formation 



Jetting Auto Tune Flow Chart 

toad parameter statistics < 
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EXCEL sheet import 



h-1 



^ ^uild histogram and filter all voltage and pulse duration valuel~| 
^■■^ J^parametersetl. < .(r)(H2. MS delay); start dispenslnF| <- 
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next parameter set (V, us) 
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detect droplet (module 1, grab image, object attributes) 
1 droplet l object / droplet, objects? 



St ^ISS? 1 S£ M0 2 ' 3 "*« (mS > »- » - «"*™*y check ((n)% dev. accepted)) - 
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j- p- , — .„i (module 
DO istable /unstable 



add parameter to statistics, save jet parameter for jet 0) and 
save image of droplet formation J U> d 



after run (r) stop, or by user 



end 




end, user message "no parameter set found" 



Flowchart: 3.3.2: "Jetting Auto Time' 



Jetting Auto Tune Flow Chart 
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next parameter set (V, us) 



detect droplet (module 1, grab image, object attributes) 
1 droplet 1 object / droplet, objects? 



H-^"^ f°Se ' *"* MilS ** (b) tX5 LED Cm) dev. accepted), droplet 

to " 



speed) 




parameter to statistics, save jet parameter for jet 0) and 
save image of droplet formation 



end 



Flowchart: 3.3.2; 'Vetting Auto Tune' 



end, user message "no parameter set found* 3 
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